PULSED REFLECTED ULTRASOUND, or echocardiography, was first used by Shah and Gramiak' to study patients with the clinical syndrome of mitral valve prolapse. Echocardiograms from patients with the midsystolic click-late systolic murmur syndrome have also been reported by Kerber, Isaeff and Hancock2 and by Dillon et al.3 In each of these preceding series, patients were known to have specific clinical auscultatory findings, and inferences regarding the mechanism of murmur generation were made from the echograms, invoking apparent separation of the mitral valve leaflets to account for the mitral regurgitation. However, by screening patients prior to cardiac catheterization, a spectrum of clinical features has been found in patients with the echographic findings of mitral valve prolapse. This report describes a group of 20 patients studied clinically, with phonocardio-gram and echocardiogram, and having confirmation of mitral valve prolapse by cardiac catheterization, left ventricular angiocardiography and, in six cases, by surgery.
Materials and Methods
The twenty patients selected for analysis were those undergoing diagnostic cardiac catheterization and left ventriculography from September 1971 to May 1972 at Stanford University Medical Center, in whom echocardiograms suggested mitral valve prolapse. All patients admitted for cardiac catheterization at Stanford University Hospital undergo echocardiographic and phonocardiographic studies one to two days prior to catheterization.
Echocardiograms were performed using a Smith-Kline Ekoline 20: Mark II or IIA ultrasonoscope and 2.25
MHz transducer of 0.5 inch diameter, with acoustic lens collimating the sound beam for 5 cm tissue depth. The echocardiograms were recorded on Polaroid photographs of the oscilloscope or strip chart recordings, using an Electronics for Medicine DR8 recorder or Honeywell #1856 visicorder. The patients were studied in the supine position, with the transducer placed on the chest wall at the left sternal border. The interspace chosen would allow recording of the anterior and posterior mitral valve leaflets with the transducer oriented nearly perpendicular to the chest wall. Care was taken to record the anterior and posterior mitral valve leaflets near their free edges. By rocking the transducer at one position on the chest wall, the anterior leaflet was recorded from its annular insertion to its free edge. Recording the posterior leaflet was accomplished by rocking the transducer to encompass the area from the postero-lateral left atrium across the mitral annulus to the posterior left ventricle. In addition, in most cases Circulation, Volme XLIX, March 1974 the tranisducer was placed in the initerspace below that just described, so that the sound beam could be directed through the mitral valve and into the left atrium.
Phonocardiograrns were recorded using a Maico contact microphone placed at the cardiac apex and filtered to display frequencies of 120 to 500 Hz and 40 to 200 Hz. Angiocardiograms were performed at approxim ately 390 right anterior oblique projectioni, uisinig 0.5-0.7 cc/kg contrast material injected at 10-12 cc/sec. Cineangiocardiograms were filmed at 60 frames/sec. Results The results of this study are summarized in table 1. Thirteen patients showed the echocardiographic abnormality which has been previously reported in the midsystolic click-late systolic murmur syndrome.1-" That is, during systole the normal pattern of gradual anterior migration of the closed mitral leaflets (. fig. 1 There was no correlation between angiocardiographic mitral regurgitation and the apparent separation of the multiple echoes from the mitral valve leaflets after their meeting at end-diastole (the C-point). The diagnosis of "floppy mitral valve" xvas confirmed at surgery in six patients.
Discussion
In normal patients, the basic systolic mitral waveform is that of gradual anterior migration toward the chest wall ( fig. 1 ) .2 ' This seems to be the result of reduction in volume of the right and left ventricles during systole. Consequently, the closed mitral leaflets are closer to the chest wall at endsystole than at end-diastole, although they have not undergone motion independenit of the mitral annulus.4 In high-quality echocardiograms, it is possible to see a small initial posterior motion of these leaflets at the onset of systole, which lasts for less thani 0.05 seconds ( fig. 1 ). In the piatients with mitral valve prolapse, the echogram records posterior motion of the leaflets during systole, which is niormally seen, but after they cease their prolapse toward the left atrium, the ongoing annulus motion toward the chest wall is apparent.
With amyl nitrite administration, the midsystolic notch occurs earlier in the cycle, appearing very similar to the early systolic prolapse which is reported here as the second echographic patterni associated with the angiocardiographic abnoirnality.
Sinice both patterns have been seen in the same patient, it is felt that the echogram is recording two forms of the same basic abnormality ( fig. 7) . As there is posterior motion of the leaflets after closture (C poinlt) in some normal patients, it is proposed that the duration of this posterior motion is importanit for the proper diagnosis of prolapsing leaflets. This suggestion is supported by angiocardiographic observationi of a prolonged "rolling" or "'inflation" of the redunidant leaflets during the early phases of systole. It is this temporal prolongation of posterior motion during systole, as well as the amplitude of the posterior motion toward the atritum, which distinguishes these patients by echocardiography ( fig. 6 ).
This posterior motion during systole leads to an abnormally high opening excursion of the anterior leaflet, which previously has been cited as an echoCirculation, Volune XLIX, March 1974 Since the mitral valve leaflets are not perfectly smooth and the sound beam is relatively broad, it is possible to get discrete echoes from multiple areas of the same leaflet. This is seen very commonly in normal patients and can be confirmed on strip chart records showing a low amplitude mitral waveform which originates from the valve near the area of the mitral annulus, as well as a higher amplitude waveform which originates near the free edge of the valve undergoing the greater excursion ( fig. 8 ). When the anterior mitral leaflet is tangential to the relatively broad sound beam, separate parts of the leaflet will appear to be at different depths from the transducer anid give the appearanlce of separate structures. It is suiggested that the redundancy and interchordal "hooding" wvhich is commonly seen in surgical and autopsy specimens leads to multiple echoes in such a valve ( fig. 9 ).7 These multiple cuived surfaces will reflect sounld back to the transducer from multiple depths re- Figure 8 Echographic strip chart 
